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SEMICONDUCTOR MANUFACTURING
APPARATUS AND SEMICONDUCTOR
DEVICE MANUFACTURING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a Continuation Application of PCT Application
No. PCT/JP02/10436, filed Oct. 8, 2002, which was not
published under PCT Article 21(2) 1n English.

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.
2001-313918, filed Oct. 11, 2001, the entire contents of

which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor manu-
facturing technique and, more particularly, to a semiconduc-
tor manufacturing apparatus which executes a plurality of
processes such as an oxidation, a diffusion, and CVD (a
Chemical Vapor Deposition) 1 a single chamber and a
semiconductor device manufacturing method using the
semiconductor manufacturing apparatus.

2. Description of the Related Art

In recent years, a technique for continuously executing a
plurality of processes 1n a single chamber has been devel-
oped aiming at shortening the waler process time in a
semiconductor manufacturing apparatus. In such an appa-
ratus, accurate control related to a film thickness and an
impurity diffusion is required for the plurality of processes
in the single chamber.

FIG. 7 1s a flow chart showing the continuous process
flow of the film formation process of an oxide film and SiN
film based on a prior art. First, on the basis of technical
experiences, the oxide film formation temperature, the oxi-
dation gas flow rate, the oxidation time, the SiN deposition
temperature, the SIN deposition time, the gas pressure in
S1N film formation, the SiN film formation gas flow rate, and
the like are imnput to the control computer of a semiconductor
manufacturing apparatus (in this case, an oxidation/CVD
furnace) by some means such that desired film thicknesses
can be obtained, respectively. Next, a start signal 1s mnput by
some means to start the process.

Processes such as a wafer loading into the apparatus, a
heating up, a temperature retention, gas supplies, gas switch-
ings, a cooling down, and a watfer unloading are performed
in accordance with the set sequence. During the processes,
the temperature 1n the furnace and the gas flow rate are kept
at the set values as exactly as possible, and the oxidation
time and deposition time are controlled, thereby obtaining
the desired film thicknesses.

In the above sequence, however, a fluctuation in film
thickness or a fluctuation in 1mpurity dose due to uncon-
trollable disturbance factors 1n the apparatus or a fluctuation
in film thickness or a fluctuation in impurnity dose due to
uncontrollable disturbance factors outside of the apparatus
are not taken into consideration at all. Examples of uncon-
trollable disturbance factors in the apparatus are a slight
change 1n temperature in heating due to the influence of the
process temperature for the preceding batch and a very small
change 1n gas flow rate due to a slight variation in supply
voltage. An example of uncontrollable disturbance factors
outside the apparatus 1s a change in the atmospheric pres-
sure.
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Since a feature size of devices 1s becoming finer, and these
disturbance factors cannot be neglected nowadays, no sui-
ficient element device performance and circuit characteris-
tics can be obtained with the conventional film formation
technique. For this reason, a semiconductor manufacturing
apparatus control method that takes these disturbance factors
into consideration has been demanded. In addition, since
film thickness measurement, which 1s performed after the
process, 1s not performed after the first film formation 1n the
continuous process, more accurate {ilm formation control 1s
required.

To examine the influence of the above disturbance factors
on the film thickness or impurity diffusion, calculation or
simulation for an oxidation, a deposition, and an 1mpurity
diffusion 1s necessary. For example, Jpn. Pat. Appln. KOKAI
Publication Nos. 11-288856 and 8-55145 describe 1deas for
comparing actual manufacturing data with simulated data.
However, the purpose of comparison 1n these prior arts 1s to
improve the accuracy of simulation or adjust simulated data
to actual manufacturing data, which i1s anything but a
proposal from the viewpoint of manufacturing control in
changing manufacturing conditions or manufacturing
parameters. In addition, no calculation 1s performed presum-
ing disturbances inside and outside of the apparatus, so a
variation in manufacturing each cycle 1s not taken nto
consideration.

As described above, 1n the conventional semiconductor
manufacturing apparatus which continuously executes a
plurality of processes related to manufacturing of a semi-
conductor device 1n a single chamber, a fluctuation 1n film
thickness or a fluctuation 1n 1mpurity dose due to uncon-
trollable disturbance factors 1n the apparatus or a fluctuation
in film thickness or a fluctuation in 1mpurity dose due to
uncontrollable disturbance factors such as the atmospheric
pressure outside of the apparatus occurs. For this reason, no
suflicient element device performance and circuit character-
1stics can be obtained.

BRIEF SUMMARY OF THE INVENTION

According to an aspect of the present invention to provide
a semiconductor manufacturing apparatus comprises: a pro-
cessing apparatus main body which continuously executes a
plurality of processes related to manufacturing of a semi-
conductor device 1n a single chamber; an apparatus control-
ler unit which selects a type of process in the processing
apparatus main body and supplies a start signal to start a
process and a stop signal to stop the process to the process-
ing apparatus main body; a first terminal to output internal
information of the processing apparatus main body to an
outside; a second terminal to output the start signal from the
apparatus controller section to the outside; and a third
terminal to receive the start signal from the second terminal
and 1nput to the apparatus controller unit the stop signal
based on a result obtained by calculating the process state for
the current process on the basis of the internal information
of the apparatus, wherein the apparatus controller unit sends
the stop signal to the processing apparatus main body upon
receiving the stop signal through the third terminal, stops the
current process in the processing apparatus main body, and
switches to the next process.

According to another aspect of the present invention to
provide a semiconductor manufacturing apparatus com-
prises: a processing apparatus main body which continu-
ously executes a plurality of processes related to manufac-
turing of a semiconductor device 1n a single chamber; an
apparatus controller unit which selects a type of process 1n



US 7,082,346 B2

3

the processing apparatus main body and supplies a start
signal to start a process and a stop signal to stop the process
to the processing apparatus main body; and a process
controller unit which has a function of calculating process
states for said plurality of processes on the basis of internal
information of the processing apparatus main body, starts
calculating the process state for the current process at a
timing when the start signal 1s sent from the apparatus
controller unit, and sends the stop signal to the apparatus
controller unit when the process state reaches a specified
state, wherein the apparatus controller unit sends the stop
signal to the processing apparatus main body upon receiving
the stop signal from the process controller unit, stops the
current process by the processing apparatus main body, and
switches to the next process.

According to still another aspect of the present invention
to provide a semiconductor device manufacturing method of
executing a predetermined process for a substrate to be
processed using a semiconductor manufacturing apparatus
comprising a processing apparatus main body which con-
tinuously executes a plurality of processes related to manu-
facturing of a semiconductor device 1n a single chamber, an
apparatus controller unit which selects a type of process 1n
the processing apparatus main body and controls a start and
stop of the process, and a process controller umit which has
a Tunction of calculating process states for said plurality of
processes on the basis of iternal information of the pro-
cessing apparatus main body, said method comprises: while
the substrate to be processed 1s set 1n the processing appa-
ratus main body, causing the apparatus controller unit to start
the predetermined process, causing the process controller
unit to start calculating a process state for the current
process, and when 1t 1s judged on the basis of a calculation
result that the process state reaches a specified state, causing
the apparatus controller unit to stop the current process and
switch to the next process.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s a block diagram showing the basic arrangement
of a semiconductor manufacturing apparatus according to
the first embodiment;

FIG. 2 1s a view showing the arrangement of an apparatus
controller unit used 1 the semiconductor manufacturing
apparatus shown 1n FIG. 1;

FIG. 3 1s a flow chart showing process control operation
according to the first embodiment;

FIGS. 4A and 4B are sectional views showing steps in
semiconductor manufacturing according to the first embodi-
ment;

FIG. 5 1s a tlow chart showing process control operation
according to the second embodiment;

FIGS. 6A and 6B are sectional views showing steps in
semiconductor manufacturing according to the second
embodiment; and

FIG. 7 1s a conceptual view showing a conventional
(oxide film+S1N film) continuous formation process.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The present invention will be described below 1n detail on
the basis of the 1llustrated embodiments.
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First Embodiment

FIG. 1 1s a block diagram showing the basic arrangement
of a semiconductor manufacturing apparatus according to
the first embodiment of the present invention. Note that the
semiconductor manufacturing apparatus of this embodiment
can be applied to either a batch processing apparatus or a
single waler processing apparatus.

Referring to FIG. 1, a chamber 10 continuously executes
a plurality of processes and i1s constituted by, e.g., an
oxidation/diflusion/CVD furnace (to be referred to as a
multiprocess apparatus hereinafter). An internal apparatus
controller (apparatus controller unit) 20 controls the multi-
process apparatus 10. A process controller unit 30 has a film
thickness calculation function, a doping amount calculation
function, a calculated film thickness judgment function, a
calculated doping amount judgment function, and the like.

As shown 1n FIG. 2, the internal apparatus controller 20
has an external output signal generator 21 having a process
time monitoring function, a process data storage function,
and the like. Upon receiving a calculation result and a stop
signal from the process controller unit 30, the external
output signal generator 21 outputs a stop signal to the
multiprocess apparatus 10. In addition, upon receiving a
process start signal by user mnput, or a predetermined time
aiter the output of the stop signal, the external output signal
generator 21 sends a start signal to the multiprocess appa-
ratus 10.

In this embodiment, the process controller unit 30 will be
described as a separate unit 1n order to explain 1ts function.
However, the process controller unit 30 may be incorporated
in the internal apparatus controller 20. Referring to FIG. 1,
reference numeral 41 denotes a first terminal which sends
internal information of the apparatus to the outside; 42, a
second terminal which sends a start signal to the outside; and
43, a third terminal which receives a stop signal from the
outside.

The multiprocess apparatus 10 operates under the control
of the internal apparatus controller 20. A start signal 1s sent
from the mternal apparatus controller 20 in the multiprocess
apparatus 10 to the multiprocess apparatus 10 and process
controller unit 30 at a timing in a predetermined process
sequence. When the start signal 1s received, the process
controller unit 30 judges on the basis of information such as
a process gas 1n the apparatus which one, a deposited film
thickness, an oxide film thickness, or a doping amount,
should be calculated. Then, the process controller umt 30
actually starts calculating one of the deposited film thick-
ness, the oxide film thickness, or the doping amount.

This process will be described 1n more detail. Under the
control of the internal apparatus controller 20 according to
the set sequence, a waler loading into the multiprocess
apparatus 10, a heating up, and a temperature retention are
performed. Next, the internal apparatus controller 20
istructs the multiprocess apparatus 10 to supply a process
gas and simultaneously sends a start signal to the process
controller unit 30. In this case, the starting point 1s set at the
time of start of process gas supply. However, the starting
point can be changed in advance in accordance with the
purpose by presetting the timing, ¢.g., to a time after water
loading into the multiprocess apparatus 10 1s finished, before
a heating up 1s started, or when the temperature of iside of
the waler furnace reaches to a predetermined temperature.

In this embodiment, the oxide film thickness 1s calculated
first. Internal information of the apparatus 1s used for the
calculation. As the internal information of the apparatus,
temperature information from various thermocouples inside
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or outside of the furnace, a gas flow rate from a flowmeter,
and the like can be used. As a calculation model, a general
equation for oxide growth given by, e.g.,

(t,,>=t*)/B=1—(B/A)(t,_~T) (1)
can be used. In equation (1), tox 1s the oxide film thickness,
T 1s the 1mitial {ilm thickness, t 1s the time, B/A 1s the primary
coellicient, and B 1s the secondary coetlicient. For example,
T uses a value of 15 nm, B/A uses a value of 5x107°, and B
uses a value of 8x107° min/um.

The temperature and the gas flow rate, which change
cevery moment, are read at a predetermined time interval of,
e.g., 1 sec. Using the values, an increment of the oxide film
thickness during the time interval 1s calculated and a total
oxide film thickness at that time can be calculated by
accumulating increments. Accordingly, a fluctuation 1n
oxide film thickness due to disturbances such as changes 1n
the temperature and the flow rate can be taken into consid-
eration. Such disturbances cannot be taken into consider-
ation 1n the conventional oxidation method. The time nter-
val 1s set to 1 sec because 11 the oxide film thickness should
be controlled within £0.2 nm, the apparatus must be con-
trolled within an accuracy of £2 sec, then the sampling rate
must be less than +2 sec.

The calculation result of the oxide film thickness 1s judged
by the calculated film thickness judgment function. When
the calculated film thickness reaches to a specified film
thickness of, e.g., 60 nm, a stop signal 1s sent from the
process controller unit 30 to the internal apparatus controller
20. The internal apparatus controller 20 sends the stop signal
to the multiprocess apparatus 10 to stop oxidation.

More specifically, this control corresponds to sending
from internal apparatus controller 20 to the multiprocess
apparatus 10, e.g., an interrupt instruction “to end the
sequence for supplying the oxidation gas and switch to a
sequence for supplying the next iert gas”. This timing may
be set a little before 1t comes. That 1s, 1f there 1s a case that
the oxidation gas cannot immediately be switched to the
next gas after output of the stop signal until the end of
ox1idation, extra oxidation 1s performed. Expecting this extra
oxidation, a shightly smaller value than the target film
thickness 1s to be set as a judgment film thickness.

When an SiN film 1s to be deposited continuously after
formation of the oxide film, the multiprocess apparatus 10
receives the stop signal after the end of oxide film formation
and then receives a start signal again from the internal
apparatus controller 20. The process controller umt 30
receives the start signal again and judges on the basis of the
internal information of the apparatus, such as the process
gas, which one, the oxide film thickness, the deposited film
thickness, or the doping amount, should be calculated.

In this embodiment, SiN film formation 1s performed
next. Hence, the sequence advances to calculation of the
deposited film thickness. Internal information of the appa-
ratus 1s used for calculation. As the internal information of
the apparatus, temperature imnformation from various ther-
mocouples iside and outside of the furnace, a gas flow rate
from a flowmeter, a process pressure from a pressure gauge,
and the like can be used. The temperature, the gas tlow rate,
and the process pressure, which change every moment, are
read at a predetermined time interval of, e.g., 1 sec. Using
the read values, an increment of the deposited film thickness
during the time interval 1s calculated and a total deposited
f1lm thickness at that time can be calculated by accumulating
increments. Accordingly, a fluctuation in deposited film
thickness due to disturbances such as changes 1n the tem-
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6

perature, the tlow rate, and the pressure can be taken into
consideration. Such disturbances cannot be taken 1nto con-
sideration in the conventional deposited film thickness con-
trol.

The calculation result of the deposited film thickness 1s
judged by the calculated film thickness judgment function.
When the calculated film thickness reaches to a specified
f1lm thickness of, e.g., 100 nm, a stop signal 1s sent from the
process controller unit 30 to the internal apparatus controller
20. The internal apparatus controller 20 sends the stop signal
to the multiprocess apparatus 10 to stop deposition of the
SIN film.

More specifically, this control corresponds to sending
from the mternal apparatus controller 20 to the multiprocess
apparatus 10, e.g., an interrupt struction “to end the
sequence for supplying the deposition gas and switch to a
sequence for supplying the next mert gas”. This timing may
be set a little before 1t comes. That 1s, 1f there 1s a case that
the deposition gas cannot immediately be switched to the
next gas after the output of the stop signal until the end of
deposition, an extra deposition 1s performed. Expecting this
extra deposition, a slightly smaller value than the target film
thickness 1s to be set as a judgment film thickness.

After the deposition gas 1s switched to the inert gas, a
cooling down and a wafer unloading instructions are output
from the internal apparatus controller 20 1n accordance with
a predetermined sequence. The multiprocess apparatus 10
executes these processes, and the process 1s ended. The
variations 1n film thickness among wafers due to the con-
tinuous process occur due to fluctuations 1n temperature in
the furnace, the gas flow rate, the process pressure, and the
like, which are uncontrollable before. In the apparatus and
the control method of this embodiment, when film thickness
calculation 1s performed in consideration of these fluctua-
tions, and the result 1s fed back to the process, strict film
thickness control with little variation can be performed.

That 1s, by causing the process controller umt 30 to
calculate the quality characteristic 1n real time on the basis
of the iternal mnformation of the apparatus and control the
process time, very strict control against disturbances can be
executed. More specifically, the function of receiving 1n real
time internal information of the apparatus, including the
temperature 1inside of the furnace, the pressure inside of the
furnace, and the gas flow rate, and information outside the
apparatus such as the atmospheric pressure, the function of
converting the received information for values available for
calculation, the function of calculating the oxide film thick-
ness, deposited film thickness, impurity diffusion length, and
the like 1n real time, the function of selecting an algorithm
(oxidation/deposition/diffusion) for real time calculation,
and the function of starting calculation 1n accordance with a
process start signal of the apparatus and outputting a process
end signal to the apparatus when a desired film thickness or
doping amount 1s obtained.

Accordingly, the process time can strictly be controlled.
Hence, any fluctuation m film thickness due to uncontrol-
lable disturbance factors in the apparatus or any fluctuation
in film thickness due to uncontrollable disturbance factors
such as the atmospheric pressure outside of the apparatus
can be suppressed, and suflicient element device perfor-
mance and circuit characteristics can be obtained.

FIG. 3 15 an arithmetic flow chart 1n the process controller
section 30 according to this embodiment. A method of
performing oxide film calculation and deposited film thick-
ness calculation will be described with reference to FIG. 3.

First, film thickness calculation and doping amount cal-
culation are mitialized (step S1). Next, the start signal from
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the internal apparatus controller 20 1s monitored (step S2).
When the start signal 1s output, the internal information of
the apparatus 1s received (step S3). It 1s judged which one,
the oxide film thickness calculation or the deposited film
thickness calculation should be performed (step S4).

In this embodiment, oxide film thickness calculation 1is
performed first (step S12). It 1s judged whether the calcu-
lated oxide film thickness exceeds the specified value, and 1n
this case, 60 nm (step S13). IT NO 1n step S13, the process
waits for another 1 sec from the preceding internal infor-
mation acquisition, and then, the internal information 1s
acquired again (step S1), and oxide film thickness calcula-

tion 1s performed 1n step S12 again. This process 1s repeated.
When the calculated oxide film thickness exceeds 60 nm, a
stop signal 1s sent to the internal apparatus controller 20
(step S3). It 1s judged whether all processes are ended (step
S6). If another process remains, the flow returns to the start.

In this example, assume that control 1s performed at an
interval of 1 sec. Whether the internal immformation of the
apparatus can be acquired at the interval of 1 sec, whether
oxidation calculation or calculated film thickness judgment
can be done, and the like can be factors that impede
implementation. However, with the current apparatus per-
formance and calculation speed of the computer, no practical
obstacles are present.

After the oxide film thickness calculation, a film thickness
calculation and a doping amount calculation are 1nitialized
in step S1. In step S2, the start signal 1s monitored. When the
start signal 1s output, the internal information of the appa-
ratus 1s recerved 1n step S3. It 1s judged 1n step S4 which one,
the oxide film thickness calculation or the deposited film
thickness calculation, should be performed.

This time, a SiN deposited film thickness 1s calculated
(step S22). It 1s judged whether the calculated deposited film
thickness exceeds the specified value, and in this case, 100
nm (step S23). If NO 1n step S23, the process waits for
another 1 sec from the preceding internal information acqui-
sition, and then, the internal information 1s acquired again
(step S21), and deposited film thickness calculation 1s per-
formed 1n step S22. This process 1s repeated. When the
calculated deposited film thickness exceeds 100 nm, a stop
signal 1s sent to the internal apparatus controller 20 1n step
5. If 1t 1s judged 1n step S6 that all processes are ended, the
process 1s ended.

The arithmetic flow chart in the process controller unit 30
according to this embodiment has been described above.

FIG. 4A 1s a sectional (view) showing a state wherein an
S10, film 51 1s formed on an Si substrate 50 1n the multi-
process apparatus 10 by steps S2 to S5 of the first cycle. FIG.
4B 1s a sectional (view) showing a state wherein an SiN film
52 1s formed on the S10, film 51 i1n the multiprocess
apparatus 10 by steps S2 to S5 of the second cycle. Both film
thicknesses could be accurately controlled.

As described above, according to this embodiment, the
process controller unit 30 1s arranged to monitor in real time
the oxidation process and deposition process 1n the multi-
process apparatus 10 and control the process time. Accord-
ingly, the process variation for each water in the continuous
processing can be reduced. In addition, the accuracy of
calculation for the plurality of processes can be improved.
For an oxide film thickness, 0.1-nm order film thickness
control can be performed. Furthermore, since the gate oxide
film and a poly-S1 silicon film for an electrode can be
continuously formed, the yield and reliability of devices can
greatly be increased.
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Second Embodiment

In the first embodiment, the continuous formation process
of oxide film formation and SiN film deposition has been
exemplified. In this embodiment, an example of a continu-
ous process of As vapor phase diffusion and a thermal
oxidation will be described. The apparatus arrangement of
the semiconductor manufacturing apparatus is the same as in
FIG. 1.

In this embodiment, a doping amount calculation 1s per-
formed first. Internal information of the apparatus 1s used for
calculation. As the internal information of the apparatus,
temperature information from various thermocouples mnside
and outside of the furnace, a gas flow rate from a flowmeter,
a process pressure from a pressure gauge, and the like can
be used. The temperature, the gas flow rate, and the process
pressure, which change every moment, are read at a prede-
termined time interval of, e.g., 1 sec. Using the values, an
increment 1 doping amount during a time interval 1s cal-
culated and a total doping amount at that time can be
calculated by accumulating increments. Accordingly, a fluc-
tuation i1n doping amount due to disturbances such as
changes in the temperature or the flow rate can be taken into
consideration. Such disturbances cannot be taken 1nto con-
sideration 1n the conventional vapor phase diflusion method.

The calculation result of the doping amount 1s judged by
the calculated doping amount judgment function. When the
calculated doping amount reaches to a specified doping
amount of, e.g., 1x10”° atoms/cm?, a stop signal is sent from
the process controller umit 30 to the internal apparatus
controller 20. The internal apparatus controller 20 sends the
stop signal to the multiprocess apparatus 10 to stop the vapor
phase diffusion process.

More specifically, this control corresponds to sending an
interrupt 1nstruction from the internal apparatus controller
20 to the multiprocess apparatus 10, e.g., the interrupt
instruction 1s “to end the sequence for supplying the doping
gas and switch to a sequence for supplying the next inert
gas”. This timing may be set a little before 1t comes. That 1s,
if there 1s a case that the doping gas cannot immediately be
switched to a next mert gas after the output of the stop signal
until the end of vapor phase diffusion, extra vapor phase
diffusion 1s performed. Expecting this extra vapor phase
diffusion, a slightly smaller value than the target doping
amount 1s to be set as a judgment doping amount.

When an oxide film 1s to be formed continuously after the
vapor phase diflusion, the process controller unit 30 receives
the stop signal after the end of vapor phase diffusion and
then receives a start signal again from the internal apparatus
controller 20. The process controller unit 30 receives the
signal and judges on the basis of the internal information of
the apparatus, such as the process gas, which one, the oxide
film thickness, the deposited film thickness, or the doping
amount, should be calculated. In this embodiment, oxide
film formation 1s performed next. Hence, the sequence
advances to the oxide film thickness calculation algorithm.
Internal information of the apparatus 1s used for calculation,
as 1n the first embodiment. As the calculation model, equa-
tion (1) can be used.

The temperature and gas flow rate, which change every
moment, are read at a predetermined time 1nterval of, e.g.,
1 sec. Using the values, an increment of the oxide film
thickness during a time 1nterval 1s calculated and total oxide
film thickness at that time 1s calculated by accumulating
increments. Accordingly, a fluctuation in the oxide film
thickness due to disturbances such as changes 1n the tem-
perature and the tlow rate can be taken into consideration.
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Such disturbances cannot be taken into consideration 1n the
conventional oxidation method. The time interval 1s set to 1
sec because 1f the oxide film thickness should be controlled
within 0.2 nm, the apparatus must be controlled within an
accuracy of 2 sec, and the sampling rate must be less than
+2 sec.

The calculation result of the oxide film thickness 1s judged
by the calculated film thickness judgment function. When
the calculated film thickness reaches to a specified film
thickness of, e.g., 60 nm, a stop signal 1s sent from the
process controller unit 30 to the internal apparatus controller
20. The mternal apparatus controller 20 sends the stop signal
to the multiprocess apparatus 10 to stop the oxidation.

More specifically, this control corresponds to sending an
interrupt nstruction from internal apparatus controller 20 to
the oxidation furnace, e.g., an 1nterrupt instruction 1s “to end
the sequence for supplying the oxidation gas and switch to
a sequence for supplying the next mert gas”. This timing
may be set a little before 1t comes. That 1s, 11 there 1s a case
that the oxidation gas cannot immediately be switched to the
next gas after the output of the stop signal until the end of
oxidation, extra oxidation i1s performed. Expecting this extra
oxidation, a slightly smaller value than the target film
thickness 1s set as a judgment film thickness.

The fluctuation 1 film thickness and doping amount
among watfers 1in the continuous process occur due to small
changes in the temperature in the furnace, the gas flow rate,
the process pressure, and the like, which are uncontrollable
before. In the apparatus and control method of this embodi-
ment, when film thickness calculation 1s performed in con-
sideration of these variations, and the result 1s fed back to the
process, strict film thickness control with little variation can
be performed.

FIG. 5 1s an arithmetic flow chart 1n the process controller
unit 30 according to this embodiment. A method of perform-
ing deposited film thickness calculation and doping amount
calculation will be described with reference to FIG. 5.

First, film thickness calculation and doping amount cal-
culation are 1mitialized (step S1). Next, the start signal from
the internal apparatus controller 20 1s monitored (step S2).
When the start signal 1s output, the internal information of
the apparatus 1s received (step S3). It 1s judged which one,
oxide film thickness calculation or doping amount calcula-
tion, should be performed (step S4).

In this embodiment, doping amount calculation 1s per-
formed first (step S32). It 1s judged whether the calculated
doping amount exceeds the specified value, and 1n this case,
1x10°° atoms/cm” (step S33). If NO in step S33, the process
waits for another 1 sec from the preceding internal infor-
mation acquisition, and then, the internal immformation 1s
acquired again (step S31), and doping amount calculation 1s
performed 1n step S32. This process 1s repeated. When the
calculated doping amount exceeds 1x10°" atoms/cm”, a stop
signal 1s sent to the internal apparatus controller 20 (step
S5), and the flow returns to the start.

In this example, assume that control 1s performed at an
interval of 1 sec. Whether the internal information of the
apparatus can be acquired at the mterval of 1 sec, whether
doping amount calculation or calculated doping amount
judgment can be done, and the like can be factors that
impede 1implementation. However, with the current appara-
tus performance and calculation speed of the computer, no
practical obstacles are present.

After the doping amount calculation, the film thickness
calculation and the doping amount calculation are initialized
in step S1. In step S2, the start signal 1s monitored. When the
start signal 1s output, the internal information of the appa-
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ratus 1s recerved 1n step S3. It 1s judged 1n step S4 which one,
oxide film thickness calculation, doping amount calculation,
or deposited film thickness calculation, should be per-
formed. This time, oxide film thickness 1s calculated (step
S12). It 1s judged whether the calculated oxide film thickness
exceeds the specified value, and 1n this case, 60 nm (step
S13). If NO 1n step S13, the process waits for another 1 sec
from the preceding internal information acquisition, and
then, the internal information 1s acquired again (step S11),
and oxide film thickness calculation 1s performed in step
S12. This process 1s repeated. When the calculated oxide
film thickness exceeds 60 nm, a stop signal 1s sent to the
internal apparatus controller 20 (step S5). If 1t 1s judged 1n
step S6 that all processes are ended, the process 1s ended.

The arithmetic flow chart 1n the process controller unit 30
according to this embodiment has been described above. The
flow chart 1s different from the first embodiment only 1n the
types and order of processes.

FIG. 6 A 15 a sectional view showing a state wherein an As
diffusion layer 61 i1s formed on an S1 substrate 60 in the
multiprocess apparatus 10 by steps S2 to S5 of the first cycle.
FIG. 6B 1s a sectional view showing a state wherein an S10,,
film 62 1s formed on the S1 substrate 60 in the multiprocess
apparatus 10 by steps S2 to S5 of the second cycle. Both the
depth of the diffusion layer 61 and the film thickness of the
S10, film 62 could be accurately controlled.

According to this embodiment, the process controller unit
30 1s arranged to monitor 1n real time the diffusion process
and the oxidation process in the multiprocess apparatus 10
and controls the process time. Hence, the same eflfect as 1n
the above-described first embodiment can be obtained, as a
matter of course. In addition, even when the process state 1s
dificult to calculate, like an 10n 1implantation without reac-
tion, accurate calculation can be performed.

(Modification)

The present invention 1s not limited to the above-de-
scribed embodiments. In the embodiments, the dedicated
process controller unit 1s arranged for the multiprocess
apparatus. However, the function of the process controller
unit may be implemented by an external computer. The
process controller unit performs calculation on the basis of
internal information of the apparatus. However, the calcu-
lation may be done on the basis of external information such
as the atmospheric pressure as well as the internal informa-
tion of the apparatus. In addition, the processes are not
limited to oxidation/diffusion/CVD. The present invention
can be applied to various processes used to manufacture a
semiconductor device.

Also, various changes and modifications can be made
within the spint and scope of the mmvention.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention 1n
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:
1. A semiconductor manufacturing apparatus comprising:
a processing apparatus main body which continuously

executes a plurality of processes related to manufac-
turing of a semiconductor device 1n a single chamber;

means to determine 1n real time 1nternal process informa-
tion for each of the plurality of processes by measuring
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at least one of a pressure, temperature, mass flow,
voltage, current, and plasma charge of the processing
apparatus main body,
an apparatus controller unit which selects a type of
process 1n the processing apparatus main body to be
performed on the semiconductor device being pro-
cessed within the processing apparatus main body and
supplies to the processing apparatus main body a start
signal to start a process and a stop signal to stop the
process; and
a process controller unit, coupled to receive the start
signal and the internal process information, to periodi-
cally calculate 1n real time a physical characteristic of
the semiconductor device being processed for each of
said plurality of processes on the basis of the internal
process information of the processing apparatus main
body, wherein the process controller unit starts calcu-
lating for the current process the physical characteristic
of the semiconductor device being processed at a
timing when the start signal 1s sent from the apparatus
controller unit, and sends the stop signal to the appa-
ratus controller unit when a currently calculated value
of the physical characteristic of the semiconductor
device being processed reaches a predetermined value,

wherein the apparatus controller unit sends the stop signal
to the processing apparatus main body upon receiving
the stop signal from the process controller unit, stops
the current process by the processing apparatus main
body, and switches to a next process.

2. A semiconductor manufacturing apparatus according to
claim 1, wherein the process controller unit has a function to
judge using the internal process information of the process-
ing apparatus main body which physical characteristic
should be calculated.

3. A semiconductor manufacturing apparatus according to
claim 1, wherein the process controller unit receives external
information of the processing apparatus main body together
with the internal process information of the processing
apparatus main body and calculates the physical character-
1stic of the semiconductor device being processed using the
external information and the internal process information.

4. A semiconductor manufacturing apparatus according to
claim 3, wherein the internal process mmformation of the
processing apparatus main body received by the process
controller unit includes a temperature, pressure, and gas tlow
rate, and the external information of the processing appara-
tus main body received by the process controller umit
includes an atmospheric pressure.

5. A semiconductor manufacturing apparatus according to
claim 1, wherein the processing apparatus main body has a
heating mechanism.

6. A semiconductor device manufacturing apparatus
according to claim 1, wherein the processing apparatus main
body continuously executes at least two processes of oxi-
dation, CVD, and diflusion.

7. The semiconductor manufacturing apparatus of claim
1, wherein the function of the process controller unit of
calculating the physical characteristic of the semiconductor
device being processed includes a function of calculating at
least one of an oxide film thickness, a deposited film
thickness, and a doping amount.

8. The semiconductor manufacturing apparatus of claim
1, wheremn the physical characteristic 1s a film thickness
determined by calculating a film-forming reaction or a
diffusion determined by calculating a diffusion reaction.

9. A semiconductor device manufacturing method of
executing a predetermined process for a substrate to be
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processed using a semiconductor manufacturing apparatus
comprising a processing apparatus main body which con-
tinuously executes a plurality of processes related to manu-
facturing of a semiconductor device 1n a single chamber, an
apparatus controller unit which selects a type of process 1n
the processing apparatus main body to be performed on the
substrate and controls a start and stop of the process, and a
process controller unit which receives the start signal and
internal process information of the processing apparatus
main body and periodically calculates in real time a physical
characteristic of the substrate for each of said plurality of
processes on the basis of the internal process information of
the processing apparatus main body, said method compris-
ng:

while the substrate to be processed 1s set 1n the processing

apparatus main body, causing the apparatus controller
unit to start the predetermined process, causing the
internal process imnformation to be determined in real
time for each of the plurality of processes by measuring
at least one of a pressure, temperature, mass flow,
voltage, current, and plasma charge of the processing
apparatus main body, causing the process controller
unit to start calculating a physical characteristic of the
substrate for the current process, and when the process
controller unit judges on the basis of a calculation result
that the physical characteristic of the substrate reaches
a predetermined value, causing the apparatus controller
unit to stop the current process and switch to a next
process.

10. A semiconductor device manufacturing method
according to claim 9, wherein the process controller unit has
a Tunction of determining, using the internal process infor-
mation of the processing apparatus main body, which physi-
cal characteristic of the substrate should be calculated.

11. A semiconductor device manufacturing method
according to claim 9, wherein the process controller unit
receives external mformation of the processing apparatus
main body together with the internal process information of
the processing apparatus main body and calculates the
physical characteristic of the substrate using the external
information and internal process information.

12. A semiconductor device manufacturing method
according to claim 11, wherein the internal process infor-
mation of the processing apparatus main body received by
the process controller unit includes a temperature, pressure,
and gas flow rate, and the external information of the
processing apparatus main body received by the process
controller includes an atmospheric pressure.

13. A semiconductor device manufacturing method
according to claim 9, wherein the processing apparatus main
body has a heating mechanism.

14. A semiconductor manufacturing apparatus according
to claim 9, wherein the processing apparatus main body
continuously executes at least two processes of oxidation,
CVD, and diffusion.

15. The semiconductor device manufacturing method of
claim 9, wherein the function of the process controller unit
of calculating the physical characteristic of the substrate
being processed includes a function of calculating at least
one ol an oxide film thickness, a deposited film thickness,
and a doping amount.

16. The semiconductor device manufacturing method of
claim 9, wherein the physical characteristic 1s a film thick-
ness determined by calculating a film-forming reaction or a
diffusion determined by calculating a diffusion reaction.
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